1. Introduction {#sec1}
===============

Ongoing genetic discoveries and technological innovation during the past decade have appreciably expanded the availability of genetic tests related to health conditions. Concomitant with the advancement of genetic science has been the development of two trends, the marketing of genetic tests directly to consumers (i.e., through paid advertisements in print media, television, and the Internet) and the direct availability of genetic tests to consumers (i.e., through the Internet) \[[@B1]\]. Regarding the latter, consumers can purchase genetic tests, often without involving their health care provider, that indicate personal risk for conditions ranging from trivial characteristics (e.g., earwax type) to serious health conditions (e.g., breast cancer, Alzheimer\'s disease) \[[@B1]--[@B3]\].

Both the direct marketing of genetic tests and their direct-to-consumer (DTC) availability have been controversial \[[@B4]\], with an increasing volume of health scholarship devoted to the topic \[[@B1], [@B2], [@B4]--[@B10]\]. While proponents of DTC tests argue that individuals should have the right to access their genetic information in a private setting (without going through the traditional health care setting), critics argue that DTC genetic testing has significant risks, both to the individuals and to the health care system \[[@B1], [@B2], [@B4], [@B6]--[@B10]\].

Since 2010, several regulatory actions have been taken in the United States with regard to DTC genetic testing, including letters to companies by the Food and Drug Administration and reports produced by the Government Accountability Office \[[@B3]\]. A fully informed policy analysis of the benefits and potential harms of DTC genetic testing is impossible without understanding the extent of consumer demand for, use of, and psychosocial and behavioral response to these services \[[@B2], [@B3], [@B6], [@B11]--[@B13]\]. Awareness of DTC services is a necessary precursor to demand, as consumers (with rare exceptions, as when services are purchased as a gift) must be aware of the existence of these services before pursuing them. A systematic population-level assessment of awareness of DTC services reveals the extent of public interest in these services and the reach of marketing, which can help policymakers predict whether the risks and benefits of DTC genetic testing will be confined to a narrow subpopulation of consumers or is a more widespread population concern. Prior research examining awareness of DTC genetic testing has documented variability in overall levels of awareness and by geographic location, age, income, and education \[[@B11], [@B14], [@B15]\]. Limitations of prior research stem from the lack of national samples \[[@B11], [@B14]\] and failure to more fully explore demographic, behavioral, and geographic covariates of awareness to facilitate a more complete understanding of the implications of DTC marketing activities.

The Health Information National Trends Survey sought to fill this research gap by including a question about awareness of DTC genetic test marketing on a nationally representative survey platform \[[@B16]\]. Prior analysis of the 2008 Health Information National Trends Survey (HINTS) data explored associations of awareness with numeracy and identified racial and ethnic differences \[[@B16]\]. Our research provides a more detailed analysis of the 2008 data and includes analysis of 2011 HINTS data to explore trends in awareness over time.

Specifically, our research assesses changes in awareness of DTC genetic testing in the US population and explores factors associated with awareness including sociodemographic characteristics, cancer history, health care access, Internet use, and geographic differences. We focus on these factors for a variety of reasons. First, many of the currently available DTC genetic testing companies offer cancer risk testing as a major component of their service; in fact, the first major DTC multimedia advertising campaign for a genetic test was for breast cancer \[[@B17]\]. We included prior cancer diagnosis and family history of cancer in our analyses to explore whether individuals with particular interest in cancer are more aware of these services and thus may be part of the potential market for these services. Second, while proponents of DTC genetic testing have suggested that this mode of testing might facilitate greater access to genetic services in underserved areas \[[@B18]\], this has not yet been empirically examined. If awareness of these services is confined to urban areas and individuals who already have more health care access, then DTC genetic testing could exacerbate already-existing disparities in health care resources. Third, the majority of DTC genetic testing marketing efforts occur on-line. Thus, we were interested in exploring whether use of the Internet was associated with awareness of DTC genetic testing. Finally, given the unequal distribution of high speed Internet access in the USA with particular disparities in rural America, and the urban-focused efforts of traditional media marketing campaigns, we sought to discern whether there were differences in awareness of DTC genetic testing by population density \[[@B19]\].

2. Materials and Methods {#sec2}
========================

2.1. Data Source {#sec2.1}
----------------

We analyzed data from two iterations of the Health Information National Trends Survey (HINTS 2008 and HINTS 2011). HINTS is a nationally representative survey of the US adult population that tracks trends in cancer-related attitudes, knowledge, and behavior \[[@B20]\]. HINTS 2008 data were collected using a mixed mode, dual-frame design (*n* = 7,674) including both a list-assisted Random Digit Dial (RDD) Computer-Assisted Interview (*n* = 4,092) and comprehensive national listing of addresses available from the United States Postal Service for a mailed questionnaire (*n* = 3,582). HINTS 2011 data were collected via a comprehensive national listing of addresses available from the United States Postal Service for a mailed questionnaire (*n* = 3959). Further details on survey design and sampling strategies for both surveys have been published elsewhere \[[@B21], [@B22]\].

2.2. Data Collection and Response Rates {#sec2.2}
---------------------------------------

For HINTS 2008, the RDD data collection effort was conducted from January 7 to April 27, 2008, and the mail survey was conducted from January 15 to April 27, 2008. For the RDD arm, one adult from each sampled household was selected for an interview. The mail arm of HINTS 2008 included a stratified sample selected from a list of addresses, with an oversampling of minorities. The mail sample was a stratified cluster sample, in which the household was the cluster, therefore, for each sampled address all adults in the household were asked to complete a questionnaire. The response rate for the RDD household screener was 42.4%, and the response rate for extended interview was 57.2%, resulting in an overall RDD response rate of 24.2%. The household response rate for the mail survey was 40%, and the within-household rate was 77%, resulting in an overall response rate of 31%.

Data collection for HINTS 2011 was initiated in October 2011 and concluded in February of 2012. The sample design involved two stages wherein a stratified sample of addresses was selected from a file of residential addresses, and respondents were selected within each sampled household. Two methods of respondent selection were used: the "next birthday" method requested that the adult in the household with the next birthday complete the questionnaire and the "all adult" method requested that each adult in the household complete a questionnaire \[[@B22]\]. Household response rates were calculated separately for each respondent selection method \[[@B23]\]. For the next birthday method of respondent selection, the household response rate was 37.9% and the household response rate for the all adult method was 35.3%. For the all adult method the household response rate was 84.6%. The final response rate for HINTS 2011, determined by combining response rates across respondent selection method in proportion to the allocated sample, was 36.7%.

2.3. Measures {#sec2.3}
-------------

Awareness of Direct-to-Consumer Genetic TestsThe following question assessed awareness of DTC genetic tests in both 2008 and 2011: *Genetic tests that analyze your DNA, diet, and lifestyle for potential health risks are currently being marketed by companies directly to consumers. Have you heard or read about these genetic tests?*

Sociodemographic VariablesSociodemographic variables included gender, age (18--34, 35--49, 50--64, 65--74, and 75+ years), education (less than high school, high school graduate, some college, and college graduate), annual household income (less than \$35K, \$35K to less than \$75K, and \$75K or more), and race/ethnicity (Hispanic, non-Hispanic white, non-Hispanic black, and "other").

Health Care AccessTwo indicators of health care access were included in our analyses: health insurance status and usual source of health care. Health insurance status was assessed with the following item in 2008*: Do you have any kind of health care coverage, including health insurance, prepaid plans such as HMOs, or government plans such as Medicare? (yes/no).*In 2011, this item was revised as follows: *Do you have any of the following health insurance or health coverage plans: Insurance through a current or former employer or union (of you or another family member); Insurance purchased directly from an insurance company (by you or another family member); Medicare; Medicaid, Medical Assistance, or any kind of government assistance plan for those with low incomes or disability; TRICARE or other military health care; VA (including those who have ever used or enrolled for VA health care);*or *Indian Health Service.*Responses to the 2011 item were recoded as *yes/no* to be comparable with 2008 wherein those who indicated having at least one source of health insurance were coded as yes.

In 2008 and 2011, regular source of health care was assessed with the following item: *not including psychiatrists and other mental health professionals, is there a particular doctor, nurse, or other health professional that you see most often?* Responses to both items were coded as yes/no.

Cancer HistoryRespondents were asked about their personal history of cancer in both 2008 and 2011 with the following question: *Have you ever been diagnosed as having cancer?*Respondents to both surveys were also asked*: Have any of your family members ever had cancer?*Responses were coded as yes/no.

Internet UseThe following item assessed use of the Internet: *Do you ever go online to access the Internet or World Wide Web, or to send and receive e-mail*? Responses were coded as yes/no.

Population DensityFor HINTS 2008 and 2011, county-level rural-urban continuum codes are determined from the US Department of Agriculture Economic Research Service for each respondent according to their geographic location. For our analyses, the original continuum represented by 9 rural-urban codes was recoded to create a two-level variable wherein counties in metro areas were coded as urban and those in non-metro areas were coded as rural.

2.4. Data Analysis {#sec2.4}
------------------

We used SUDAAN version 9.0.1 to estimate standard errors of point estimates for the complex survey data \[[@B24]\]. All data were weighted according to population estimates in the American Community Survey to provide representative estimates of the adult US population. Jackknife replicate weights were computed to get accurate variance estimates. To address the issue of nonindependence of responses from members of the same household, all respondents from the same household were assigned to the same replicate weights which accounts for clustering within the primary household sampling unit \[[@B25]\]. A cross-tabulation with chi square of survey mode of administration for the 2008 data (RDD/mail) with the primary outcome variable, awareness of DTC genetic tests (yes/no), revealed that there were no mode of survey administration effects on the estimates for the RDD and mail survey; therefore, data from the RDD and mail survey were combined for our analyses.

Cross-tabulations and chi-square tests of association were conducted for awareness of DTC genetic tests by sociodemographic, health care access, Internet use, and geographic characteristics for each survey year. We created a combined dataset integrating data and relevant variables including sampling variables and weights from 2008 and 2011 resulting in a combined sample size of *n* = 11,633. We then conducted a multivariable logistic regression analysis to examine independent associations with awareness including survey year, sociodemographic, health care access, Internet use, and population density using a forced entry method of variable selection. Missing data were treated listwise in the multivariable model and indicator variables were created for missing values for income (*n* = 1760 missing) and family history of cancer (*n* = 1094 missing) to reduce the impact of missing values for these variables on the model.

3. Results {#sec3}
==========

In 2008, 29.3% of the population was aware of DTC genetic tests. The percentage of the population aware of DTC genetic tests increased significantly to 36.9% in 2011 ([Table 1](#tab1){ref-type="table"}). Cross-tabulation of the respondents\' sociodemographic characteristics with awareness of DTC genetic tests in each survey year revealed several significant bivariable correlations ([Table 1](#tab1){ref-type="table"}).

To assess whether the observed increase in awareness held while controlling for sociodemographic characteristics, health status, Internet use, and population density we conducted a multivariable analysis on the combined 2008 and 2011 data ([Table 2](#tab2){ref-type="table"}). Survey year remained significantly associated with awareness with the additional variables included in the model; awareness in 2011 was significantly higher (OR = 1.39) than in 2008. The odds of awareness of DTC genetic tests were significantly higher among those aged 50--64 (OR = 1.64), and 65--74 (OR = 1.60) compared to those aged 18--34. Awareness was also higher among college graduates (OR = 2.02) compared to those with less education. Those with a regular source of health care (OR = 1.27) evidenced greater odds of awareness than those without. The odds of awareness of DTC genetic tests were significantly higher among persons with a prior cancer diagnosis (OR = 1.24) compared with those without. Those who used the Internet (OR = 1.27) had greater odds of awareness compared to those who did not use the Internet and those living in urban areas (OR = 1.25) had greater odds of awareness compared with those in rural areas.

4. Discussion {#sec4}
=============

Our nationally representative results suggest that while general levels of awareness of DTC genetic tests have increased in the past 4 years, increased awareness is not equally distributed throughout the population. Independent of survey year, the odds of awareness of DTC genetic tests were significantly higher for the following: those aged 50--74, those with greater education, those with a regular source of care, those with a prior cancer diagnosis, those who use the Internet, and those living in urban areas. Estimates of awareness from 2008 are generally consistent with prior research \[[@B11], [@B14], [@B15]\], and the differences in awareness of DTC genetic testing observed by age and education were similar to those reported in previous research \[[@B11], [@B16]\]. Although we document a persistence of these differences across two time periods, thus advancing earlier work, our results also expand on previous research by documenting greater awareness of DTC genetic tests for those individuals with a regular source of care and those with a prior cancer diagnosis. Finally, use of the Internet and residence in population-dense regions of the country were associated with greater awareness of DTC genetic tests paralleling options for high speed Internet connections throughout the county \[[@B19]\].

Accurate understanding of the population prevalence of public interest in DTC testing is important to inform ongoing discussions of its public health and policy implications. Our results reveal that certain groups of the public have been reached by DTC marketing efforts to a greater extent than others; namely, higher SES populations with more Internet savvy. Thus, to the extent that DTC genetic testing has value for public health (a contention that remains under evaluation \[[@B6], [@B26]\]), the consumers likely to reap the benefits are those already advantaged in health care. Our study also reveals the possibility that individuals with cancer risk may be particularly attracted to DTC modes of testing, supporting the importance of empirical research that focuses on the attitudes, beliefs, and responses to testing among subgroups defined by disease risk \[[@B27]\]. Of course, awareness of testing is likely to far exceed use of services; previous research has suggested that while 22% of people were aware of services in 2008, less than 1% had used them \[[@B15]\]. More research is needed to understand consumers\' rationales for their decisions to actually pursue DTC genetic testing. Moreover, an in-depth analysis of the public health benefits and risks and policy implications of DTC genetic services will depend on the results of research, using both qualitative and quantitative research methods, on DTC service users. A wealth of recent initiatives to explore the impact of personal genomic risk information on individual users\' attitudes, beliefs, mental health, health behaviors, and health services have already added, and will continue to add, to the evidence base \[[@B3], [@B12], [@B13], [@B26], [@B28]\].

A few limitations are worth noting. The HINTS program provides data from rigorously developed samples based on cross-sectional surveys. As such, it is not possible to make inferences about causality in observed relationships. Another limitation of the HINTS data stems from the relatively low response rates. With the development of Caller ID and the progression toward cell phone only households, response rates for RDD surveys have fallen over the past decade \[[@B29], [@B30]\]. However, recent methodological research suggests that the potential for bias resulting from declining RDD response rates may not be as significant for health surveys as previously assumed \[[@B30]--[@B32]\]. Considerable effort has also been made in the HINTS program to protect against biases introduced through modality, coverage, and sampling through use of dual frame administration in 2007-2008 \[[@B33]\]. The use of the mailed survey in 2008 and 2011 provides access to cell phone only households. Another limitation stems from missing data; in particular, in the multivariable model, missing data were treated listwise so cases with missing values on any of the variables included in the model were dropped from the model leading to a large number of missing values which may limit the generalizability of the results. However, to reduce the number of cases dropped from the model we created indicator variables to represent missing values for income and family history. Finally, it is important to note that our one-item measure of awareness of DTC genetic tests does not capture the complexity and multifaceted nature of the many types of tests available, and thus, is a relatively blunt measure of awareness. However, national survey tools are often constrained to measuring constructs of interest with only one or two items given the overall limits placed on survey length and respondent burden.

5. Conclusions {#sec5}
==============

Controversy and uncertainty around the risks and benefits of DTC genetic testing, coupled with limited regulatory oversight \[[@B1], [@B34], [@B35]\], underscore the importance of tracking public awareness of DTC genetic testing as a proxy for current and future demand for these services. The nationally representative data described herein reveals growing awareness of DTC genetic testing that is unequally distributed in the population. The HINTS program will continue to monitor awareness of DTC genetic testing to track changes over time.

This project has been funded in part with federal funds from the National Cancer Institute, National Institutes of Health, under Contract no. HHSN261200800001E. The content of this publication does not necessarily reflect the views or policies of the Department of Health and Human Services, nor does mentioning of trade names, commercial products, or organizations imply endorsement by the US Government.

###### 

Awareness of direct-to-consumer genetic testing by respondent characteristics.

  Respondent characteristic               Weighted^1^ population % aware of DTC genetic tests   
  --------------------------------------- ----------------------------------------------------- -------------------------------
  Total (*χ*^2^ = 32.64; *P* \< 0.0001)   29.3                                                  36.9
  Gender                                  (*χ*^2^ = 1.9; *P* = .18)                             (*χ*^2^ = 2.1; *P* = .15)
   Male                                   30.2                                                  35.0
   Female                                 28.3                                                  39.1
  Age                                     (*χ*^2^ = 13.3; *P* \< .0001)                         (*χ*^2^ = 11.0; *P* \< .0001)
   18--34                                 23.3                                                  30.3
   35--49                                 31.1                                                  36.3
   50--64                                 34.9                                                  45.9
   65--74                                 32.4                                                  42.2
   75+                                    24.1                                                  30.3
  Annual income                           (*χ*^2^ = 32.7; *P* \< .0001)                         (*χ*^2^ = 17.6; *P* \< .0001)
   \<\$35K                                25.7                                                  29.0
   \$35K to \<\$75K                       25.4                                                  35.6
   \$75K or more                          37.9                                                  46.7
  Race/ethnicity                          (*χ*^2^ = 6.4; *P* \< .01)                            (*χ*^2^ = 9.8; *P* \< .0001)
   Non-Hispanic white                     30.9                                                  41.5
   Non-Hispanic black                     23.7                                                  30.0
   Hispanic/Latino                        24.9                                                  24.2
   Non-Hispanic other                     33.9                                                  31.8
  Education                               (*χ*^2^ = 48.5; *P* \< .0001)                         (*χ*^2^ = 21.5; *P* \< .0001)
   Less than high school                  22.9                                                  21.0
   High school                            21.5                                                  30.0
   Some college                           28.1                                                  36.0
   College graduate                       42.9                                                  48.2
  Health insurance                        (*χ*^2^ = 9.7; *P* \< .01)                            (*χ*^2^ = 8.9; *P* \< .005)
   Yes                                    30.5                                                  40.6
   No                                     24.2                                                  32.8
  Regular provider                        (*χ*^2^ = 14.3; *P* \< .001)                          (*χ*^2^ = 24.3; *P* \< .0001)
   Yes                                    31.2                                                  41.8
   No                                     25.6                                                  28.6
  Prior cancer diagnosis                  (*χ*^2^ = 8.5; *P* \< .01)                            (*χ*^2^ = 23.6; *P* \< .0001)
   Yes                                    34.0                                                  47.4
   No                                     29.0                                                  35.9
  Family history of cancer                (*χ*^2^ = 5.0; *P* \< .05)                            (*χ*^2^ = 5.2; *P* \< .05)
   Yes                                    31.0                                                  40.5
   No                                     26.4                                                  34.6
  Internet use                            (*χ*^2^ = 23.0; *P* \< .0001)                         (*χ*^2^ = 21.3; *P* \< .0001)
   Yes                                    31.7                                                  40.2
   No                                     24.1                                                  25.1
  Rural-urban designation                 (*χ*^2^ = 6.2; *P* \< .05)                            (*χ*^2^ = 2.3; *P* = .13)
   Urban                                  30.2                                                  37.6
   Rural                                  25.0                                                  33.5

^1^All data were weighted to be representative to the US population according to estimates from the American Community Survey.

###### 

Independent correlates of awareness of direct-to-consumer (DTC) genetic testing (*n* = 10,394)^1^.

                             Odds ratio   95% confidence interval   *P* value
  -------------------------- ------------ ------------------------- -----------
  Survey year                                                       
   HINTS 2008                1.00         ---                       ---
   HINTS 2012                1.39         1.19--1.64                0.0001
  Gender                                                            
   Female                    1.00         ---                       ---
   Male                      0.98         0.83--1.16                0.8507
  Age                                                               
   18--34                    1.00         ---                       ---
   35--49                    1.26         0.99--1.60                0.0583
   50--64                    1.64         1.31--2.05                0.0000
   65--74                    1.60         1.18--2.18                0.0031
   75+                       1.14         0.81--1.60                0.4573
  Race/ethnicity                                                    
   NH white                  1.00         ---                       ---
   NH black                  0.79         0.62--1.00                0.0499
   Hispanic/Latino           0.82         0.62--1.09                0.1719
   NH other                  0.87         0.65--1.17                0.3628
  Annual income                                                     
   Less than \$35,000        1.00         ---                       ---
   \$35,000 to \<\$75,000    0.90         0.73--1.13                0.3689
   \$75,000 or more          1.22         0.97--1.53                0.0896
   Missing                   1.39         1.02--1.91                0.0402
  Education                                                         
   Less than HS              1.00         ---                       ---
   HS graduate               1.05         0.75--1.46                0.7765
   Some college              1.31         1.00--1.72                0.0511
   College graduate          2.02         1.49--2.75                0.0000
  Health insurance                                                  
   Yes                       1.00         ---                       ---
   No                        1.10         0.90--1.35                0.3516
  Regular provider                                                  
   No                        1.00         ---                       ---
   Yes                       1.27         1.04--1.54                0.0178
  Prior cancer diagnosis                                            
   No                        1.00         ---                       ---
   Yes                       1.24         1.07--1.44                0.0047
  Family history of cancer                                          
   No                        1.00         ---                       ---
   Yes                       1.13         0.98--1.32                0.0951
   Missing^2^                0.77         0.53--1.12                0.1638
  Internet use                                                      
   No                        1.00         ---                       ---
   Yes                       1.27         0.97--1.67                0.0823
  Population density                                                
   Rural                     1.00         ---                       ---
   Urban                     1.25         1.05 --1.49               0.0144

^1^Missing values in model are listwise; if any case is missing a value on any of the variables they are dropped from the analyses.

^2^This category includes (1) "Has no family" (*n* = 15), (2) "Refused," (3) "Do not know," and (4) missing for 2008 data; For the 2012 data, this category includes (1) "Missing data (Not Ascertained)," (2) "Multiple responses selected in error," and (3) "Not sure."

[^1]: Academic Editor: Angela Bryan
